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Arguing that the most widespread argument in favor of 
the teaching of programming concerns its possible impact on 
generalizable cognitive skills, th i paper addresses the "how" of 
transfer. The outlines of a theory of the mechanisms of transfer are 
presented, the theory is usdd to examine the contrasts between 
certain studies that did and did not obtain positive transfer results 
from programming, and a discussion is presented of the kinds of 
transfer that can be expected from programming and when. Two roads to 
transfer are identified (high and low) and examples ;f each are 
provided. In addition, six broad categories of transfer that might 
occur with programming are described: (1) mathematical and geometric 
concepts and principles; (2) problem solving, problem finding and 
problem management; (3) abilities of formal reasoning and 
representation; (4) models of knowledge, thinking, and learning; (5) 
cognitive styles; and (6) enthusiasms and tolerances. It is concluded 
that although programming instruction can improve cognitive skills 
under the right conditions, implementing such conditions on a wide 
scale may be difficult, and programming will have to compete in the 
intellectual an<? economic markets with a number of other approaches 
to the same general problem. A five-page list of references is 
provided. (JB) 
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Abstract 



Invtstlgatlofts of th« lapact of prograaalDf Instruction on oopiltlv* tkllU 
hnvo yloldod • fow ponltlvt and nnny nogatlvt finding* • To iatorprot tho 
Blzod ronnlts. m doocrlbo two distinct MChanisM of tronsfMr — 'Ion rood" 
trsnsfor. rosultlnf froa oxtMSlvo praetlcs nad MtoMtlMtlon. nnd *hlfh 
rond* transfsr. rosultlng fron alndfol fansrallsatlon. Ilfh road tranafar 
aaoM lapllcatad whara poaltlva Inpacta of profraaalni hava baaa foaad: 
Insaff Iclant practlci and llttla provocation of Blndful abstraction ara 
obaraetarlatle of lavNtlgatlons not daaonatratlsg tranafar. Oar dlacasslon 
afflnaa that profraMlnf Instractlon can laprova cogaltlvs akllla nadar tba 
rlgit ooadltlotts. bat eaatlona that laplaaantlnf aueh conditions on a «lda 
acale nay be difficult andf that prdgraiMlng Inatructlon aust conpata with 
othar aaaa* of la|v«lvlnf eofhltlva «killa. 
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Truitf«r of Cognitive Ski lit froa ProfrMMilnc: Mion and How? 



TMChlaff vroffnaalaff la scJioola aa? Imvo aaav jwUfloaUoat. It mild 
bo anwd tkat iiiiniaaalat lo a aocooaary eoapoaaat of coaputor lltoraey. o 
okill that lacroaooo oaployaont potalbllltloo. aad a coapetoacy that 
ll^mtoo oao froa dipi dw cy oa prapackagad profraao. lut parbapa tha aoat 
vl^aproatf — • aad tha aoat partaatlvo If aopportod — arguaant la favor of 
thd taachlBf of profraaalnf coaearaa Itt pootlblo lapact oa foaorallsablo 
cagaltlva ski lit. 

For axaaplo. Paarsolg. Moralts. aad Rlckor<^oa (2Ml) argaad that 
IMt^aMlin provMaa aa opportualty ta davolop rltorout thlaklag. laara tho 
tta« of haarlatlea. aoarlah aalf-eoaaeloaaaaaa aboat tha proeaaa <f prcMoa 
aoivli«. and la pnaral aehlova atfalfloaat eopiltlva advaacat. tlallarly. 
Llaa (ISM) aaalytotf tho cofaltlvo raqairoaaata of dlfforaat lotala of 
pngnmlm' MCb aa ptaclalea aad atraptaral orfaaliatloa* oxpaetlag thaa to 
bo potoatlai ealtlvatora of tho procaaaaa iavolvod la tMMral probloa 
aolvii«. Popart (IMO) arfod that pr o grt s M aj asparlaocoa la Logo eoald 
oqalp tho laaraar with povorfal Idaat nboat kaonlodge aad laaralng la 
gaaaral. lat tha roaaarch la tho f lold providaa oaly partial aad oftoa 
coafllctlag ovldaaco to aapport thoao hopoo (for ravlam. oao BliiM. lOM: 
Uad * Unm Ittft: P«» * Kirlaad. lM4a). Ivoa If worthidillo treatfor caa 
happaa. It occara oaly la oom caaoa but act la otbsra. SoaehoM. aa aeUvity 
aappoaod to ha alad atrotchlag aad thoiiibc provoklag ylolda olatlvo aad 
wMyataaatlA raoaltt. 

Soaa bolp la aoklng teaao of tho clrcuaotancoo coaeo froa dlotlnvilablag 
hat—aa ^Mt aliht tnaafar froa prograaalag and ^tranafor occara. MiUo 
aaay havo aMraaaod tho foraor. llttlo It knoaa about, tho lattor. for 
lattaaca. raeogalalag that tho procadural logic roqoirod for prograwilag 
coMld la prlaclplo apply to aaay othor doaalnt doot aot tell aa «ich about 
hoa It alght ti«»far to thoa* doaalnt. Yot it la kaoitledge of tha "bona" of 
traaofor that aay allow predicting abon traatfar alll occur and MiBeot aayo 
to prai»to tnMofor. Mould hora practice with prograaalng alaayt facilitate 
greater ar farther tranofer? !• the evocatloa of aetacognltlont alaayt 
aecaaaary? Can playful prograaalng. <(a ahan children "aett around" with 
Lo|i»* be oxpacted to footer trantfer? Under what condltlont? 

Ibla paper addrafooa the "how" of trantfer. Spec If leu lly. m preoint 
the oatllnao af a thoocy of the aecbanloaa of traaafer: «o uoe It to exaalae 
the coatratta batMo#« ^artala atudloa that did aad did aot obtain pooltlve 
trtaafor raoalta froa latfiaaaJiMl aad m dltcatt what klndt of traatfar froa 
piiograaalag can be expected fad ahaa. 



1M> Koadt to Traaafer 

Mwt eaa be aald about the aaohaaloaa of tranafer fay ahlch prograwlog 
ai^t Ipiri oogft^tlva /oaptloMw •morally? Paa aad Kqrlaad (l»i4a) offer 
aoM gaaaral laaight. coacludiag aiM« other thiagt .that (a) dlffamt levalt 
of ptawM pto^loloacy aaahle tha.traaafar of dlfferoat coaeeptt aad 
akllla: traaafer of prograaiiiag afcllla to tha aolotlon,of aoaprograanlag 
probMxOr to plpailw al^ f oUoii oaly froa roaaoaably advanced levelo of 
proiraMlng proflclanay that fa« chlldraa actually reach: (b) traaafer to 
prohloB aalviag aad pi anal ag aay raqalre eoatlderable aotacogaltloa: 
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conMqnMtly. yowf chlldran alght not MAlfatt tuch traotfer: (c) tranafer 
■dpaa not occar apentanaMaly: It rtqulreA guldaaca and nodal Inc. 

Va fullf eoBcvr with thaaa conclualoaa. In thaaaalvaa thay of far a 
br^^ Intari^tation of lifiy tranifir of tan '^f alia to appaar.- Thay tain all 
tha aord wiigltt If pdt In thi coataxt of an ancaapiialaf vla« of tranafar 
tbat nant^no distinct' cognltlv* rontoa to' tranafar. ona of which la 
hf01IC|ittd Utr Pan and Ri'lattd'a rannrkar Prior thinking about tranafar baa 
by ift lnrg<i'traatad tranifar aa a ttii'itiry phinbMuion dapandant on the 
•pontanMiin "apill ovt^r" of laAmint f ran" ona contaStt to othara according to 
an ill>dafinad natric of aitaational ainilarity. ElaoMhara. aa hnva 
9in«ti€nad thla, vlaa. alaborating •n a<;eoant of tranafar that idantifiaa two 
dlttiWct ti«naCor MChnitlau 'am: tha Ydniwhit dif ftrant tranafar raaulta 
naaaelit*^ thfi (Pnricilsrk talOMn. in praaa: Parktna a Saloaon. in 
l^raaa). /iara'«a' avniirlsa. ' 

' !'*ioif rdad traAtfar^^llvat n nana to'ona ibf tha «achaniaia. Tranafar 
oc'cnra^by tio low r«l^ iiban a paVfbrianca l^rictlcad to naar autoMtlelty in 
«M epi^Kt iMOMa aeUvitad ig(dljlanim atinnltta conditiona in aaothar 
cbi^tajtt. Par annpt^, l^^'y^ knoirhow to driva V iear and ait bahled tha 
dr a tnidt. tlia fahiliir cdiiff^ratioa1»f ataariaf ahaal . «ladah"iald. 
and tV on vill your e*r driving habita'Nithoat any alndful affort on 

ymriirt. Portvtttfilt. thoaa habltl^ftnit tha o^cnaion-raaabnnbly Mil. ao 
yott can driva ifM track ada^taly blboit nith torn r«ra. Im rand transfar 
artaif oil bo aigitlW ta^ tbilii poftitlvat f or nnothar axaipla fran driving. 
in^'coVractlnff a akid ydu'nriiat ataar la tha'dirac^tion of tha akid 
dalibarataly, contrary to tha apontanaoua low road tran#far frOU noraal 
driving that praaaaa you powarfully to corract the courae of tha car 
dimtiy. - - 

fnr-ranging low iNMid tranafar occura only ahan aubatantial practice 
ytalda. antanatielty (Schnaidar i Shlffrin. 19t7) and when there ia varied 
prnetlba that aanplaa widely the cirCoMtalkcea that are twgBta for tranafar. 
Otttnitaa. the dif^erfnt tttwlua character let ice of diffarent contaxta aork 
•ffalalit low i^ond tranafer. Conaaqaently. low road tranafar to narked ly 
dlffarant eantaxta diaracteriatically bappana iiith babaviora that Infuaa a 
rnnga of cirenwatancaa , aa with literacy or certain aocial conducta. Par 
amaple. Laria (19T9) found a br^eiad inpact of achooling and literacy anoog 
tlM paopla or tnbekietaa wl Klt^iiia in the 1990«a. In contraat. Scribaer 
and Cole (!••!) found little inpact of Vai and Arabic literacy on the 
tMiMMt dir thaaa poaaaaalng thaaa literaciea in the Vai. an African tribe. 
Hm eoafllctiat findinga are explained nhan one'reeoviisea that literacy and 
actettiiiif Ih gWMral wire infiitriting the cvltoroa Xuria inveatigated. 
wliarwia Vai and Arabic litaracy play vary eircanacrlbed rot«a in the Vai 
caltwa nceordlag to Scribner and Cbl* (IMl). 

■t# road tnnafar. in contmat to low road, involvaa deliberate alndful 
^trwcUan (raw ana context and appllettlon to nnotiiar. Por exaaple. one 
•Igit latn llM principle, "aaak control of tha canter." fron cheaa play and 
mH^m/imtif gdwaraf law and nilily It tfe a bntlnaaa or willtary coataxt. Hlifi 
r«i^^«riiiiar«l>%nt«Ila rw-raproaantinf'kigiiwladgd in n ayabol ayatew that 
•rforda'raMy ^bdtirn^fiMi. Meh aa f a aiw ti il . at a greater laval af gMiarality 
ttat adinMa .4 frai^ twio'af "caaaa . Aa tM dkaaa axai^la iatiaataa . the 
High rM ia aattrai fir 4xplicit atratagtaa iad priaclplaa. aoch aa gwieral 
akrataglai tif iNhUa aafviaci' daclaloa'aakiBg. eoawaalcatton. or learning. 
Niadfllaaaa id «aa«« 'of t^aad^loiia^ dalibdrata aad critical cognitive 
»t>b^i«#*id d Ittir' iNiradiaair <Ui^. 19M1« soir-toaaeloaa af forte ^o 
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trusftr fosttrod by •elf-aoDltorlng tnd rtcofnltlon of Ui» need to f«crult 
past npairloACO to solve current probleas ere Inportent (e.g. Belnontt 
Btttterfle.id» i Perrettl» 182; Broim» Brensford» Perrmra, ft Ouplooe, 198S). 
Genuine understanding c the abstraction versus rote nenory for an 
abstraction learned In class Is crucial* as studies In discovery learning 
Indicate (Hailerud ft Meyers, 1968; Kersh, 1988, 1982; McDonald. 1984)* 
Nhereae Ion road transfer Is Halted by the tr.lggerlng stlaull that will 
activate an aatoaatlsed perforaance and hence requires varied practice to 
reach far, high road transfer Is Halted by the cognitive effort and alndful 
decontextuallsatlon needed and thus requires aotlvatlon and soae degree of 
cognitive eklll to reach far. 

Before addressing potentials of transfer f roa progvanlng dlrwetly, m 
should note that echoollng In general does little to encourage far traasfei' 
either by way of the low road or the high read. 8tntante rarely are p ye v o fca d 
to think laaglnatlvely about croes-connectlons between subject mttere, 
exploring generalisations froa one subject aatter that ai^t apply to 
enother. The high road thus gets travelled rarely. Nhat transfer does occur 
seems likely to happen by way of the low road. Althoi«h, as already noted, a 
broad lapact of literacy and schooling on cognitive perforaance occurs 
(Lurla. 19t8; Scrlbner ft Cole, 1973), in the details of particular sidiject 
natters one typically encounters a narrow range of practice that alsses 
opportunities for low road transfer. For exaaple, aatheaatiCal problea 
eolvlng In late eleashtary echool tends to focus on a few traditional classes 
of problbas, such as tiae - rate - distance, age, and aixture probleas. 
Purtheraore, plainly aany students do not aaster a nuaber of laportant 
acadealc performances to the point where they becoae autoaatic and hence 
candidates tor low road transfer. In sua. conventional schooling receives a 
aediocre grade for fostering both low and high road transfer. The question 
reaalae liiether prograaaing specifically and the ways in irtiich prograamlng is 
taught and experienced proaise and actually yield better results. 



Potentials of Transfer froa Prograaaing 

Before addressing the research literature on transfer froa prograaaing. 
It only aakei^ sense to consider what transfer effects aight occur in 
consequence of prograaaing experience. Such an exploration will put in 
context those transfer effects that have been investigated eapirically and 
chelr respective findings. In particular, we can ask irtiether to this point 
res e ar c h on prograamlng and trahsfer froa it has cast a wide net for possible 
transfer effects or only saapled a few possibilities, one issue to be 
confidered at the end of this paper. 

In general, prograaaing is a reaarkably rich cognitive enterprise that 
alght yield aany different sorts of transfer effects. In ordw to convey a 
eenee of the range^ we have identified six broad categories of transfer that 
alght ocear; perhaps there are othere ae well. After describing the elx, we 
will comasnt on where high road versus low road transfer is likely to play 
the greater role and finally on the haaards of forecasting transfer, haxards 
that aake the "alght"* in the question "what transfer effects aight occur" 
very seriously aeant. 

Category 1; Matheaatlcal and gejiaetrl^ concepts and principles. 
Prograaaing with Logo or other languages that readily afford graphic 
aaaliptetlda May build aaetery of gfdaetric concepts and aesociftted 
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wtlMntieal coMtptt (Papart. i960). Muarleally orlmtad procruaing Algiit 
Mteaca mdirratMdlng of the conctpt of a variable • alfebralc expreeelone, 
*tl» Intefer-real nuaber dletlactlon, potter notation, and other conventional 
aepects of aatheaatlct* 

Catfonr ^1: Problea aolvlM> problea finding, and problea MmaaaMnt 
f ^ri^lrttt laeluded here are each traditional problea eolvlng strategies as 
atteAptlftg to break a problea Into parts or relating It to a previously 
eelved probleo (PPlya» 1964; Polya. 1067; Nlckelgrent 1074); representing, 
ide^lnlag* aad reconalderlag the representation and definition of probleas 
(Oetaels i Cslkasentalhalyl, 1076; Oreeno, 1066; Hayes, 1061); aanaglng the 
eo^tlea pnoeaa for a coapln problM (Schoenfeld, 1060). Also Included are 
straCaglaa of 41agB0stle thinking for debugging, In aoae aaya analofDua to* 
fo^ Ipiatsaoe. aedlcal dlegaoele (Slateln, Shulaan, * 6prafka; ghulaan. Loupe, 
a Plpar, 1066), and thoae for plaanlag, an aapect of pi^aaiawlng In^mtlgatad 
by PaaJlOOl). 

Category 111: Abilities of feraal reaaonlng and represen\:atlon> > The 
lar>rtaaee of eoadltlonal stateaenta In aany prog^uia and the necessity to 
ixhaaat all poaelble caaes In a properly written prograa alght foster the 
skills aad uaderatandlngs Involved In foraal logical tasks such aa 
aylloglstlc reaaonlng or using the pre asltlonal calculus (Palaagne, 1076: 
Joteaoa-lialrdt 1063: Nasoa « Johnson-Laird. 1078). Papert (1060) forecast mi 
lapact SB oeablnatorial thinking la the Plagetlan aense, ahere for laetance a 
youac^ter veread la prograaalng alght construct all possible coablnatlons 
■oeh earlier than neual. In addltloa, prograaalag provides experience with 
constructing foraal representations of situations, which alght tranaf^r to 
logical and natheaatlcal aodellng of situations other than by coaputer. 

Category t , Models of knowledge, thinking, and learning. Students 
approach a learning Usk with tacit theories of knowledge, thinking, and 
learning that Influence their perfomance, for Instance sons students taking 
an **elther you get It or you don't" view of learning while others see 
learning as an Increaental process resulting froa effort and concentration 
(Dweck « leapechat, 1060: Oweck t Llcht, 1060). Such traits appear In 
stadants* reactions to prograaalng, affecting the way they go about It and 
what they learn froa It (Zelaan, 10B5, April). Moreover, facllltatlve 
Interactions wlt|i prograaalng, a conplex activity that can te aastered to 
aa^y different degrees and for different sorts of tasks, any change such 
trflts for the better. More directly, prograaalng provides a vsdel for 
thlaklag about oae^s own alnd and how one approaches tasks*. The notions of 
specifying a procedure for oneself and of debugging It figure proalnently 
here (Papert, 1060). Baviing such a nodal alght foster aetacognltlve 
awarwasi and control beyond the context of prograaalng (Cleaents A Oullo. 
1064). 

Category Vt Cognitive atvles. Progrsanlng appsare to put a high prealua 
on certala cognitive styles, for Instance precision (Baron. 1005), 
reflectivity over Inpulelvlty (Kagan, 1065: Kagan t Kogan. 1070), and field 
Indepandance over field dependence (Nltkln, 1076). Extensive prograaalng 
experleace algjtit "train up", theae cognitive styles with resultant eplU-over 
to aonprograaning activities (e.g. Olson, 1065). 



Category VI t Knthualaans and tolerances. To this point, possible 
traaafer effecta have been foraulated cognltlvely. But it is also laportant 
^ to rteagnlae tbit there aay be laportant affective consequences as well. 

ERiC lanauro to a raaaoAjibly eonstrtictlwe ta^, all too rare m achoollng, nay 
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klndla mm atudantt* anthualaM for Manlngful acadanic angaganent, after 
ahlch thay night find alnllar opportonltlaa in aclanca projects or writing 
^ actlWtlM. CMplax and angaglng as It la» programing night Involve aone 
•tndenta in prolonged vork at high cognitive load levels and consequently 
lend to hahltuntlon to the averalva fMl of high cognitive load* 

SoM general coMents about these categories are due. First of all, 
note the enorMus range of potential transfer fron programing. Second. It 
ehMld be added that in oar vlev my rich conatructlve activity Involves i 
soMvhnt alallar although not Identical range. Properly puraued writing 
aetivltyi for inatance, my have amy of the earn potentials (Berelter ft 
Scafdnmlia, 1M2), as indeed do design activities of any sort (Perklna, 
19M, in pram). 1hifd» homver, programing provldea so«e opportunities for 
transfer not offered by nany other highly conatructlve activities, for 
inetanoe the Mtim of imralng a skill aa planning and debugging a logical 
procedure. 

Peurth, the categories have been ordered along a oontinuun ranging fron 
cognltlMS volitlenally applied, at least by nonexperts (for Instaace. 
principlea of mthenatical problen solving, planning strategies « forml 
repreamtatlona of probleM) to those usually leas under the Indlvlduars 
volitloMl control (mdels of knowledge, reflectivity, tolerance) (Rohl, in 
press). This rough layout of course allows that skills volitional In the 
noirlce my becone automtlsed in the expert and that, with effort, 
charMterlatlcally nonvolitloMl aspecta of nlnd each as cognitive styles my 
becone subject to conscious, deliberate application. Finally, let us 
acknowledge that despite our efforts to separate Into six categories 
potential transfers fron programing. Inevitably there Is sone overlap. For 
Inatance, affective factors alluded to In th'^ last category connect with 
Mveral of tne other categories. 

In which categories night high road transfer figure prlmrlly and In 
which low road transfer? Any answer nust be conjectural, not only for lack 
of data but beoauM mch category Itwlf Involves a nix of sonewtiat different 
eleMnte and, of course, because the sane perfornance can often tramfer b9 
my of both the low rmd and the high road If conditions for both are mt. 
Those caveats nentloned. It seens likely that enthuslasns and tolerancee 
would tranafer prlmrlly by way of the low road. If they transfer at all. 
These are relatively automtlc aspects of humn behavior in response to 
appropriate atiaulus conditions. Cognitive stylee seen candidates both for 
low and high road transfer. Regarding the low road, stlnitlus conditions 
demnJIng pnclalon in mthemtlcs or other disciplines night trigger hablte 
oft for instmce, precision acquired In programing. Regarding the high 
road, stttdmta of programing night to sone extent learn to ''take thenaelvee 
in band,** adopting precision, attenptlng to cone itrate, and so on, in 
addresalng a programing task. Such acts of taking oneself in hand night 
transfer by the high road to other contexts. By in large, perfornances in 
the other Mre volitioml than habitual — categoriee seen to lend 
thenselvee especially to high road transfer, aa explicit knowledge and 
Intentloml atrntegim rather than stiaulus-controlled habits are enpbasised. 

Finally, how firn a forecast of tranafer fron programing do the 
cateforiM provide? Not very fira at all, for two reaaons. First of all, 
the conditions for either high or low road transfer nust be mt, and, as 
itirkfffry in our outliM of the high and low road theory, typical schooling 
dom Mt Mft either of then. Nhether typical instruction In programing 
dMO iNittei^ will be eddreesed shortly. But second, even given the eonditioM 
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for trmfar. pr«dietii« Mtet ■Iffht transfer to Hhat it an uncertain Mttar. 
ror raaBpl*. prograMlnff raqulrts brtaklng problcM doMn into tubproblaw: ao 
doaa tha aoWliv of any aathaMtical problaaa or avaryday problaaa. But do 
thay r«4ttira braakiac problais doNO ia tha saaa Nay? Cartainly not 
traasparantly. TO ba aara. tha ganaral problaa-aolving aova of tryini to 
^raak a problaa doim aight traaafar. but hoN aapowarinf is that in itsalf? 
Migkt «na avaa fat nagativa tranafar f roa trying to braak problaaa doan in 
tha NTong my. iaportad iaapproprictaly froa prograaaing (Saidaan, 1981)? 

To ganaralisa tha dilaMa. aaraly becaaaa tha aaM skill or ability 
'labal appllas to tNO tasks one cannot pradict tranafar Nith confidanca. 
Nhlla t«M Uska nay both iovolva a praeiaa oognitivo styla, braaklng problaw 
doHB. knovlodga of goonatry, high eogaltlva load, skills of doductlve 
thiaking. or ahatavor, thay My angaga thaaa In cracltlly dlffarant wya not 
captorad ty such holiatic labaling. Only a finar grainad aaalysls. 
prafarably basad on coMitnant to cognitivo thoorlas of tha spaciflc toak 
doaains. «avld aay Nh«thar tha dasignatad skill or ability boila dqMS to tha 
aaw th lig In tha tao danains sufficiantly to pradict transfer. Mhila thore 
are partial cognitive theories of certain taak doaains that aight ba helpful, 
for iaatMca of prograaning and thaoren proving (Anderson * Reiaer. 19M). 
aathaaatieal problen solving (Schoenfeld, 1062: Schoenfeld k Harraun. 1982), 
and problaa aolving in physics (Chi, Peltovich, * Olaser. 1981: Larkln. 
NcBoraott. 8iaon. * Siaon. 1980). these theories are soaaahat provisional 
thoaselves: aaking strong predictions about transfer baand on a close 
tadaacal application of tao such theories for the tao doaains in question 
seeas preaatnre. For the tiae being, ae suggest that it is better to reaaon 
broadly about ahat transfers night occur and exanine soae prospects 
eapirically to sec ahat does occur. A nuober of investigators have done Just 
this, although without any general theory of the nechanisas of transfer. Ne 
■oa tarn to ahat soae of thea have discovered. 



The Two Roads in Action: Bxaaination of Research 

ttbat roads to transfer have been atteapted in reswirch aith prograaaing 
and ahat aara the transfer results? As already indicated, a noaber of 
efforts to aeasure transfer f roa prograaaing have yielded a confusing ai:i of 
ot»aaional poaitive findings and "no significant difference" (Bluae, 1984: 
Land * Torner, 1988; Pea Rurland, 1984a). Can the present theory 
dlatl^falah betMaen the euccesaes and the failures? Let us take a close look 
at a fea investigations — two in which no transfer was observed, one with 
pertial success, and two with aarked positive results. 



Pes and Knrland; Logo and Dlanninic 

Paa Md Rurlatd (19e4b), in tao wsll-publicised studies, set out to test 
tho hypothoais that children's engagenent in Logo progranalng would have m 
Jigaet on thoir plamiiv ability. Planning, argued Pea and Kurland, is very 
aach an Integral part of prograaaing — "that set of activiUea involved in 
davalopiw a reuaable product consisting of a series of aritten instructions 
to nake a conputer accoapliah soae task" (p. 8). They reasoaed that a 
nail daalgnad planning task could tap changes la planning ability, whether 
brought about by planning- in>act ion daring prograaaing or by preplanning. 

Thlrty-tao upper middle claas 9 and it year < Ids aere either given a 
tatea par aoak to hour axpoauro to Logo, easantlally self-initiated and 
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Mlf-fuldtd, or telongwl to « no-troatMnt control group. All children were 
^ pre* end poetteeted on en elnbornte clneerooi chore eGhedaling planning taek. 

Siirprleinrlyi altboufh the Lofo etudente tended to receive tonewhat higher 
acorta for planning efficiency, the difference did not reach i^lgnlflcance. 
Nor did the logo group differ fron tiM control group on seasurea of plan 
qoalltf, flojclblllty. or any other aapect of planning. It say be that 30 
houra of chlld*lnltlated Logo progrannlng haa no tranaferable effect on high 
Ivvel tklnklng. 

In a aecond atudy. Pea and Kurland enployed a new planning taak, 
dealgMd to reaoable the deep atructural featuree of programing. Hie atudy 
I lae^iled the preceding one except that the teachera tock a Mre directive 
role in gulfing the children's exploratlooa of Logo. Half of the 32 children 
received Ugo Inatnictlon for about half a achool yoar; the other half again 
aerved na a no-treatnent control group. Alao, half the children received a 
pl—tng taek nhlch iModlate feedback ma provided, encouraging then to 
notice the alnllarlty to programing. 

The hypotheaea under teat mre that the Logo group muld riunt a grmter 
gala In plamlng ability followlnz their Logo experience, nake nore and 
better me of the feedback during the planning taak. and take mre tlm for 
thinking about alternative plana than the control group. In fact, the Logo 
group ehmed m better nor mre thoughtful plennlQg bdiavlor thm the control 
group m my of the planning maaurea. 

Cmaldered frm the standpoint of our perspective on tranafer. theee 
flndlnga should com as no surprise. According to Papert (1080), Logo 
provldee a Mbole nlcro-environaent in which "powerful Ideas" are acquired 
mre or leaa Incidentally while aelf^lded explora^iom take place, nuch as 
a language Indlgenoua to a country Is acquired. Such clrcunstancee are a 
recipe for tranaf er by ray of the low road of extemlve and varied practice: 
ChlMrm will becom conversant with conputatlonal mya of thinking mch as 
they becone converaant with their notber tongue, thla affecting their 
thinking "even when they are far renoved fron ... a conputer" (Papert, 
1980. p. 4). But the amunt of practice provided In the Pea and Kurland 
atndlea. aa In nost achool learning, falla far abort of what low road 
trmafer would require. Practice needs to be sufficiently extensive to yield 
near automtlclty. On the contrary. Pea and Kurland thenaelves docunent that 
the etudmta In their experlnents achieved only a very United mstery of the 
fundamnUla of Logo programing Itself. 

Mlth the low and high roads in nind. the low road aettlng often enployed 
for Logo my be a ni stake even if the etudente adileved considerable nmtery 
of Laga. The categoriee of potential tranefer preeented earlier euggeated 
that the applicatipn 6f planning skills typically would involve volition; 
their tramfer muld occur by my of the high road of mindful abstraction and 
docMtextunUxation. Our general reading of Papert euggests that he 
emlalom a.procees of nindful tranefer. Pea and Kurland (1984b) urged that 
for imgramlic to affect planning akille the activity "mat be supported by 
tmchere who. tacitly or explicitly, know how to footer the developsmt of 
plsmlig ekilia through a Judicipua uae of exmples. atudent projects, and 
direct Inatruction". (p. 44). fihlch certainly haa a high road alant. But 
mthlng that would promte euch high rmd truefer waa provided in the 
etttdtee jmt deacribed. Although certainly bright etudente aomtlnm do eom 
hl^ road trantf erring by th«aelvee. It la hardly aurprislng that a aettlng 
Q charmtarlJilc of low>road truefer doea little to provoke uee of the high 
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.LABILi. etsUn. IfiMfiL liUiiS. 

Um (1986) provldM som •vldanca siiggeatliif that hlfh road trana^er 
f roa prorraMliiff can oeear If aerloualy r^irsuad. Unn addraaaad tba affacta 
or laamlac to procras In 9aalc on problaa aol7lng abllltlaa, anothar aat of 
akllla InTltlnc volitional application and falUnf In tha aana catigory In 
our anrllar wOmm aa plannior akllla. tpaclflcally, Linn daacrlbad a chain 
of thraa aaccaaalva achlavananta In prorraMlns that nlfht link problan 
aolvlnf m procranalnff to problan aolvlng in othar donalna: Naatary of 
Unguaga faatoraa, naatary of progran daalgn aklUj, and naatary of 
progmnning-ralatad problan aolvlng akllla. Tha hlghar the pfogransing 
achlairanant. Linn lnpllad» tha nora ganaral tha acopa of the problan aolvlng 
akllla acqvlrad through progranalng. 

Rigrattably, problan aolvlng akllla ntra not aaaaaaad Indapandantly of 
progmanlng aklll but rathar by tranafar within that dovln. aiddla adml 
atudtata Mcalving at laaat 18 neaki of progrannlng Inatructlon took a graded 
teat of prograanlnff proficiency that Included a neaaure of ability to lean a 
jBtprngffi—lng langiuage. Thla neaaure Linn eav aa Indicative of tranafar 
fron prOgruMlng to problan aolvlng; at the laaat It wmld ehow aona tmafer 
beyond the Innedlite topic of Inetructlon. In all, 600 atudanta participated 
In the atttdy. Noat cane froa 10 typical claaaroona; othera cane fron 3 
exenplary oaea nhare teachere had nora experience In progrannlng » taught 
nnlnly daalgn featurea of prograna, and enphaalsad either teaplatea (e.g. IP 
. . . ntH pettema) or procedural akllla. 

TWO flndinga have particular Intoreat here. First, the oxenplary 
claaaea dlaplayed progrannlng achlevenenta decidedly higher than did the 
typlcnl claaaea; aacond» achlevcrnenia In the typlca) classes correlated 
highly with general ability whereaa thoae In the exenplary classea did mt. 
A cannon factor appeara to account for both flndinga: nindful aba traction 
during the proceaa of learning, either teacher-induced or apontaiK^ously 
achieved. Aa to the forner* note the deacription of an exenplary teacher: 
''She facilitated teating aklll by requiring that atudanta attenpt to locate 
"bugs* in Uialr progmns for 10 ninutea before getting help fron an expert,** 
or *ehe uaad guided diacovery tecKniquea to help atudanta refomulate code 
liien their prograna failed to work properly" (Linn» 1985, p. 26). Plainly 
the exenplary teachere conducted their cl&eaes in ways that enphaaited 
nlndfulneaa, thereby f^'^ilitating high road transfer. 

ittt hlgi road learning need not alimya be externally induced. Brighter 
etudenta are nore likely to abatract fron the context and discover 
fsnaraliaationa that abet tranafar than othera. Thla explaina the greater 
correlation between progrannlng achievenent and general ability in the 
typlcnl dnneee. There » the able etudenta did their own generalizing while 
the leee able onea did not: in the exenplary claaaee the teachere induced 
nindfttl abatmctlon* reducing the rel^itionehip between general ability and 
achievenent. 




or eoorae. thie argunent anounta to an interpretation of data that night 
be takea In other waya due to attbiguitiea inherent in the experinental 
daalgn* tar teatance* one would prefer neaaurea of achievenent outaid^ the 
context of proffrannlng altogether for any confident conclusion of trsnafer. 
Ike etidlee to be diseoiaed next provide thie. 
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CI— nti yi4 Oullo; laptct on cognitive ttyl^ and iklJli, 

»tnic«r and cltarer evidence for hlfh rond transfer f roe proffrtulns 
appears In two studies, one by ClsMnts and Oullo (1984) and another by 
Claaanta (IMS). In both studies, yoong children either received prograulng 
matnictlon In Logo or worked with InUractlve CAI proKttuM. In the Cltuents 
aad OmIIo (19M) study the Lofo Instruction lasted about 12 iteeks and In 
Clraents (1986) 2Z weeks. AssessMnt of transfer fron the programing 
treatMBts revealed elrong effects on such diverse neasures as reflectivity. 
dlvArgwnt thinking, a^d the Betaeognltlve ability of oonprahentlon aonltorlng 
(Mhil— I Itn. 1979). but not on a aeasure of reading achlevenent. In one 
of the studies both Tirst and third graders participated: the findings 
aiiiissf ll that the Logo experience had nore Inpact on the younger children 
(CleMats. 1988). In neither study did the CAI treatMnt show a slgnlflcMt 
lapact on mr tfMsfer aeasure. Thla serves as a control, showing that aere 
Involvaaent with a coaputer cannot explain the gains found In the Logo 
condition. 

8uch effects of Logo prograaalng were forecast bv the designers of Logo 
but not found In the controlled experlaents conducted by Pea and Kurland. 
Yet they eaerge here. Miy? Old Cleaents' group teach Logo In a different 
way that could help to realise the alleged potential of Logo for transfer? 
The anawtr Is a strong afflraatlve. Logo Instruction In nudles conducted by 
CleuMta and Oullo took place In groups of two to three children guided by an 
adult tutor, who. It appears, followed Pna and Kurland's (1064b) prescription 
cited above. Aaple evidence argues that the presence of significant others 
during Individual or taall group learning, let alone guided Instruction, 
tends to Increase learners' aental effort expenditure In processing 
Inforaatlon: learners becoae aore focussed and alndful. laprovlng both their 
learalfvaad transfer froa It (e.g. Saloaon. 1977; Nebb 6 Kenderskl. 1964). 

Soae details of the Instruction support this Interpretation. In the 
eecond study (Cleaents. 1985). children first planned what they wanted the 
turtle to draw and then tested each coaaand on the screen. Moreover, when 
faced with bugs, the children were encouraged to think aloud responses to 
euch questions as "Nhat did you tell the turtle to do? Nhat did. it do? Miat 
did you ifBt it to do? ifcNf could you change your procedure?" (p. 8). While 
adqlt participation in this atudy gradually decreaaed. work at the co^^ter 
continued in teaaa and the children were urged to deacribe aloud to one 
another their plana, auggeatlona. and solutions. 

Although we do not know exactly how the children in these studies went 
about their Logo aetivitiea. it is quite clear that the cognitive aechaniaaa 
engaged eontraated conaiderably with vhe circuaatancea observed by Pea and 
Kurland or by Leron <196S). The latter reaarked that in the abaence of 
direct iaatrttction aoat children tended to angage in a "hacking" kind of U>go 
prograMlBf. Nliich la not very conducive to the acquiaition of "powerful 
Idaaa." matructlonal procedurea of the atyle eaployed by CleaMnta proaote 
foouaaad alndfulneas. apparently provoking high road tranafer that yielded 
the raportatf truafer reaulta. 

•till, one aay aak iriiy the CAI conditiona in theae two atudies did not 
yield tlallar conaequencea: adult guidance accoapanUd the CAI activity aa 
wall. Mra. the interaction between an activity' a potential for cognitive 
liVtei «d atyla of p raasBUtlon requiraa conaideration. Ae Cleaenta poJnta 
oat. yMtraaaiag aacouragea the generation of Ideaa. repreaentation of the 
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ideas In internal oodes that break the ideas down into sequential coaponents, 
iranslatiou of these into a coMiunicable code, the testing of ideas, and 
their correction. Typical CAI offers hardly anything of the kind. While 
instruction in the described style could foster aindful abstraction froa 
Logo. CAI provided auch less to abstract ££fii.. 

One further aatter aerlts discussion: Transfer results were neither 
unifora across tests nor across the two studies. In the ClcMnts and Oullo 
exptrlaant the difference between the adult-guided experiences of Logo and 
CAI accooaied for 8U-44X of the aetacognitive posttest scores (eta a^iare: 
Rosenthal » Rosnow. 19841. but this difference only explained lt% in the 
CloMnts study, which eaphasited aore open-ended teaa work. Relatedly. in 
the CleMBta and Oullo study strong treataent effects on reflectivity and 
■ath ach lavement appeared, but not at all in the Cleaents study. On the 
other hand, about ae« of the variance on the Torrance Test of Creative 
Thiaking was accounted for in the Osaents study, coapared with only 1« in 
the Cl«Mntfc and Oullo study. Interestingly, adult-guided Logo experience 
resulted in higher scores on fluency, originality, and divergence, while 
teaa-based experience affected aalnly (though aore weakly) scores of 
elaboration. This suggests that not all provisione for high road transfer 
operate in the ewe way. Also, greater transfer follows froa aore focussed 
aindfulnesa. 



Discussion 

Let us stand back froa the rasults reviewed and ponder how to appraiee 
the role of prograaaing in fostering cognitive skills. One eight propose 
four broad stages of developaent for this idea: the potential of prograaaing 
ia proposed: the potential is proven; the potential is well napped; the 
potential is widely realized. On this inforaal scale, we suggest that the 
current otate of the art places the field soaewhere in the second stage: 
potential proven to a degree but certainly not well napped nor widely 
realized. 

As reviewed at the outset, a nuaber of individuals for sone tlae have 
urged that instruction in prograaaing night lapact on cognitive skills 
generally. Until very recently, however, this has renal p«d a proposed 
potential: ?apirical results supporting such transfer have been lacking. 
Conteaporary inveotigations have carried the field beyond conjecture to 
deaonetrations that such an lapact can occur and to soae understanding of the 
condition* that foster it. 

In parUcular. here we have argued that transfer froa prograaaing will 
occur when the conditions of learning allow for either one or both of two 
aechaaisas of transfer. High road transfer aediates a tfoad cognitive lapact 
of prograaaing by way of deliberate, aindful abstraction of ideas, 
procedures, skills, and concepts involved in prograaaing. and consequent 
calculatad application in other doaains . Low road transfer aediates such an 
lapact by way of varied practise of progr^jnlng skills to near autoaatlcity, 
as that oCtMr circwatances that aake soaewhat siullar deaands spontaneously 
eagag* the patterns of cognitlcn in question. 

The aix«4 eaplrieal results concerning tranefer froa prograaaing accord 
witk tkift wommt. Positive tranafer resalts have eaerged under conditions 
affordlBC Mfh trtnffar. Soae prograaaing experiaente^iave adopted an 
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instructiooal style sore characttrf stlc of low read transfer but for 
relativaly brief periods of Instruction that plainly did not allow f^^ 
attaining MStery. Under these conditions • no transfer appeared. Thes 
findings give grounds for concluding thsit m have a degree of proof aw for 
the potsntlals of transfer froi prograsnlng: Not only are there sons positive 
results but the present franework offers an underatandlng of why soMtlBos 
the results have been negative. 

■swever» for a nunber of reasons one cannot ceoclude that the transfer 
potentlala of programing are viell napped, fint of all. liille the eorts of 
transfer auaBMrlsod here range froa the apeclflc (Mth) to nore general 
featarfs of cognitive style (e*g. reflectivity) sad Illustrate the pruapects 
of transfor. one My queatlon the durability and fenerallgabillty of the 
effects, Uatlng changes In ref lectlvltyt netaeognltlve activity, or 
creativity after no acre than 44 Logo hoars? Ve smst recognise the often 
noted difference between treatnent ef fecta adder well-controlled esperlMntal 
verawa roal-llfe condltlona (e.g.. Salonon. 1979). A conservative 
Interpretation of the reanlts to date would eay that the s'oidles desMnatrate 
the y^of transfer that aay accrue fron prograMslng Mien provlaiona for 
high roa4 learning are swde. bat not reliably the anounta. dlstancea. or 
durability of transfer effects. More research will be required to locate 
such boan da rlas. 

The potentlala are not well napped for another reaeon aleo. The six 
categories of transfer discussed earlier show that the few contenporary 
egperlBMte by no aeans explore all the possibilities for transfer. Evidence 
hat been cited of sons transfer to nathenatlce. problea solving, and 
OQViltlve atylea. Bach of these categwles is Iteelf coaplex and in no sense 
^'covered* by the reeults to date. In addition, no evidence builds an 
Mplrioal oaee for tranefer to foraal reasoning and repreeentation; nodels of 
knowledge* thinking, and learning; or enthuslasns and tolerances. Dependent 
BSMurss slaply have not concerned these categories. It ahould be noted that 
beneflte of progrannlng in all three areas have been forecast and even 
reported in inforaal observations (Papert. 1980; Papert, Matt. diSeaaa. & 
Nelr. im; Natt. 1979). 

Finally, sone counents are due on when and whether the potentials of 
prograanlng for transfer will be widely realised. Ne are a long way froa 
this for a variety of reasons. One Just reviewed is that the potentials are 
not wall napped by enplrlcal enquiry vet, but beyond that other concerns 
enerfe. Plret of all. present reeults argue that reaping the general 
coonitlve inpact of progranaing requires instruction carefully dealgned to 
foster transfer by way of one or another of the two roads. Originally, one 
night have thought of prograMlng as a kind of cognitive playground: were 
eagagenant in tba activity of iteelf would exerclae the wind as real 
plfViroande exarciae young bodies, without any need for instruction finely 
tuned to provoke such consequencee . Unfortunately, the research arguea 
atrencly ugalnat auch a vielon. Ineteadt certain inconvenient coadltlone 
met be Mt. 

Ike cendltiowa for tranefer by the low road alone aeew too. inconvenient. 
Hbrlad practloa to near swtoMtlclty appeara to require a tlwe coMiltnant to 
fMffntfpliM Uetructloa that would be out of the queetlon in noat educational 

Instruction that achievee eoaM reasonable degree 
of tioa<ietinoa'|n pregraiwilngt Ono baa to have a akill to autosMtlae it. At 
HIS sal asif IHflisti drop hfy the wayside during their first saaaeter of 
pNiM^ jMsaaral. tha a^aa of litar«nr alluded to earlier auggsat 
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that vidMprMM lapact fro* low road trantftr r«qulr«t th« Infiltration of 
■uMrovs •spMts of • eultur* «lth tho tkllls In question. Vhllo It sows 
nnllkoly that profrwMlnf ptr will ovor bocoM anyifhere near as widely 
learned as literacy, conceivably a nunber of feneral Ideae and weya of 
thli^aiv related to Inforattlon technologlee will pervade nuch of eoclety and 
COM to ehape and enpower thinking eowiiiat (Cf. Perklne. 1965). »it thle le 
not likely to happen quickly. 

In the short tern, the high road of fere a nore likely route but not an 
eaay om. Tranefer by the high road benefite fron a high teacher-etudent 
ratio. Socratlc Interaction with the leamere, great sMslUvlty on the part 
of the teacher for the ebb and flow of enthueiaen and underetaadlng In the 
Individual atndent. calculated provocation of nbatractlon and 
connectlon-aaklng. and ao on. Such nedlating Uctlca place eubetantlal 
rtinanif oa the resources school systens and the skills of tmOmn, nsny 
of whon are new to prograaalng theaselvee. In the long run. carefully 
deelgned curricula . laproved prograaa of teacher training, and alallar asana 
Bay «to poeslble the routine iapleaenUtlon of prograjailag Inetructlon that 
hae an lapaet on cognitive ekllle. At preeent. every mch effort appears to 
be a aeparate eega full of falae etarta. unexpected probleae. and. host 
often, aneatlafactory reeulte. 

Hide realisation In practice of the potentlala of tranefer froa 
|MHi—m renalns a vexed queetlon for one aore reaeon aa well: Ihiaeroue 
other approachee to foeterlng the developaent of cognitive ekllle rival 
prograMlng. Many of the Indlvlduala caught up In enthuelaaa for the 
■Ind-expandlng effecte of prograaalng aeea not to be aware that the laat 
decade hee eeen Intone Ive reeearch and developaent ef forte and a nuaber of 
teaching experlaente. eone of thba eucceeeful. In the general area of 
foeterlng cognitive ekllle. Reviews appear In Chlpaan. Segal, and Olaaer 
(1985). Nlckereon. Perklne. and Salth (1985). and Segal. Chilean, snd Qlsser 
(1685). for Inetance. Nhlle current research arguee that prograaalng la a. 
way of developing cognitive ekllle. It le by no aeans clear which la the ligst. 
way. Indeed, one night doubt that there le a beet way general acroee 
Indlvlduala. eettlnge. and cognitive objectlvee. 

In euaaary. recent f Indinge have juetlfled the conjectures of a nunber 
of fhlnkere that prograaalng of fere a context for the developaent of 
cognltilve ekllle. Moreover, one need not feel dleorlented by a pettem of 
conflicting reeulte. The high road - low road perepectlve outlined here 
offera a broad characterisation of the condltlone under which euch results 
should appear. All thle certainly encouragee further efforts to etudy .'luet 
what galae are poeelble. how to eneure that galne perelet. and how to 
aaglaser practical Instruction that achlevee those galne. At the eaae tine, 
one doee well to realize that these additional pr sae are by no aeane 
trivial — Indeed, they are probably nore difficult than teetlng for an 
lapact of profraaalng In eBell-ecale experlasnte - and that progroMlng as a 
way at dsvaloplng cognitive ekllle will have to coapete In the Intellectual 
aad ecoaoalc aarkete with a nuaber of other approachee to the eaae general 
problaa. 
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